This paper proposes a simple method of hand skill assessment in children that can be useful in clinical practice. A reduced 5-hole version of Annett's Peg Moving Task was used to quantify hand skill bilaterally in 435 normally developing preschool and school-children, and adolescents aged 3-18 years from Brazil. The cross-cultural validity of the normative data obtained in Brazil was verified in 157 school-children aged 6-11 years from France. An application in 76 children with cerebral palsy (hemiplegia 21, diplegia 34, triplegia 6, mixed type 15) showed very important variability of the deficits in hand function within each subtype of cerebral palsy (CP). Hand deficits were more severe in children in special schools than in children in regular schools within each CP subtype. A qualitative analysis showed which difficulties during the execution of the task were specific to children with CP and which were also observed in normally developing children.
Introduction
According to a recent review, "Cerebral palsy (CP) describes a group of disorders of the development of movement and posture, causing activity limitation, that are attributed to non-progressive disturbances that occurred in the developing fetal or infant brain. The motor disorders of CP may be accompanied by disturbances of sensation, cognition, communication, perception, and/or behaviour, and/or by a seizure disorder" (Bax et al., 2005) . CP is mainly classified according to the predominant type of motor disorder (spastic, ataxic, dystonic, choreoathetosic) , the extension of the motor disorder (bilateral or unilateral), and the presence of associated impairments (Bax et al., 2005; Menkes & Sarnat, 2000) . Classically, spastic cerebral palsy is further subdivided into three groups: spastic hemiplegia, spastic diplegia, and spastic tetraplegia (Fennell & Dikel, 2001 ). However, the boundaries between hemiplegia, diplegia, and tetraplegia are not clear-cut; more especially, these subdivisions do not provide clear information as regards the presence and the degree of the deficit of hand function in these children. The unaffected hand of hemiplegic children may show some degree of deficit (Brown et al., 1989) , and hand function in diplegic children may be impaired bilaterally (Menkes & Sarnat, 2000) . The prevalence of CP is around 2 per 1000 neonatal survivors (Nelson & Ellenberg, 1978; Pharoah, Cooke, Johnson, King, & Mutch, 1998; Torfs, van den Berg, Oechsli, & Cummins, 1990) , and much higher in children with low birth weight (Pharoah et al., 1998; Torfs et al., 1990) . The changing nature of the motor disorder has been well established in longitudinal studies (Nelson & Ellenberg, 1978) .
It is very important to assess the functional consequences of clinically evaluated deficits of upper extremities in children with brain pathology in general, and in children with CP in particular (World Health Organization, 2001 ). For instance, in children treated for posterior fossa tumors, a single measure of hand skill with the Purdue pegboard (Leslie, Davidson, & Batey, 1985) was the strongest predictor of low IQ scores (Grill et al., 2004) . To evaluate hand function in children with CP, the Bimanual Fine Motor Function (BFMF) scale (Beckung & Hagberg, 2002) , and the Manual Ability Classification System (MACS) (Eliasson et al., 2006) have been proposed, in addition to hand dexterity tests, which often use total time (i.e. speed) as the critical measure of function. An example of the latter is the Peg Moving Task used in an early study by Annett (1973) to assess hand function in children with hemiplegia, and in many other studies, with some variations (Largo, Fischer, & Rousson, 2003; Smith, Hong, & Presson, 2000) . A recent study using a computerized version of the Peg Moving Task in 30 children with CP concluded that neuropsychological deficits are related to the degree of hand function impairment, rather than only the affected side (Dellatolas, Filho, Souza, Nunes, & Braga, 2005) .
Years ago, Annett (1985) noted that the PMT is an attractive pleasant task for young children, one also perfectly tolerated by older children, adolescents, and even adults. In this study, we used a 50% reduction of the initial PMT task proposed by Annett (1973) , with 5 holes instead of 10. The task was adapted for children with CP in order to (1) compensate for the energy expenditure, (2) reduce the instrument dimensions and allow its use in diverse clinical settings, and (3) lessen the amount of time it takes to administer, thereby compensating for attention deficits common in this clinical population. This decision was also supported by pediatric clinicians who found that the 10-hole PMT might be difficult and time-consuming for many young children with motor deficits. Normative data were obtained from a large sample of children and adolescents aged 3-18 years of age. The method is applied here in children with CP; however, it may be applicable in children with other pathologies that compromise hand function.
Participants and methods

Participants
This study involved 435 preschool and school-children and adolescents, aged 3-18 years, without any known neurological problems, and 76 children with CP, aged 4-12 years. Children without CP were from two different Brazilian cities: Brasília-DF (n = 204) and São Luís-MA (n = 231). In Brasília, they were recruited at random from three public and four private schools, and in São Luís from a public school (Centro Comunitário do Hospital SARAH) and the families of the staff of the SARAH Network hospital. Overall, 50% of these children studied in public schools, and about 70% of them lived in the suburbs. Given the different localities and socio-economic levels of the participants, a diverse ethnic and socio-cultural background was contemplated, which is typical of the Brazilian population. Informed consent was obtained from the parents and the children. Table 1 shows the age and gender characteristics of the 435 children. Age-groups were defined every 6 months for children between 3 and 6 years of age, and every year for older children. The same (or quasi the same) number of children were included in each age-group, with about equal numbers of boys and girls.
In order to verify the cross-cultural validity of the Brazilian norms, additional PMT-5 data were collected in 157 French school-children without known neurological problems, and from different socio-cultural backgrounds, aged 6-11 years.
The 76 children with CP were recruited from among the patients being treated at the two hospitals of the SARAH Network in Brasília and São Luis during 2003. Selection criteria were: (1) definite diagnosis of CP; (2) age between 4 and 12 years; (3) possible prehension with at least one hand; and (4) agreement between the pediatrician and the physical therapist concerning the diagnosis of the type of CP: spastic diplegia, spastic hemiplegia, spastic triplegia, or mixed form (spasticity with involuntary movements). Criterion 3 excluded almost all children with a diagnosis of tetraplegia, with two exceptions, and criterion 4 excluded 19 children. Data from these 21 children are not presented here. For all the selected children with CP, the following information was collected: type of locomotion, school placement, etiological and risk factors, and neuroimaging findings. Table 2 describes the 76 children with CP.
Manual skill assessment with the reduced Peg Moving Task (PMT-5) 1
Trained psychologists examined all the children individually in a quiet room. Each child without CP was examined in his/her school, after permission from the school director and the teacher was obtained. The CP children were examined at the SARAH/Brasília or SARAH/São Luís hospitals.
The "Peg Moving Task" was initially proposed by Annett (1985) for the assessment of hand skill in children, and since then the PMT has been widely used to study hand skill development and its relationships with cognitive development in children (Curt, De Agostini, Maccario, & Dellatolas, 1995; Dellatolas et al., 2003) . We used a reduced 5-hole version of this task, comprised of a wooden board consisting of two rows of five holes (Fig. 1) . The timer was started when the first peg was raised and stopped when the last peg was inserted. The child had to move each of the five pegs, one by one, to the hole in the opposite row, as fast as possible. The pegboard was placed horizontally and centrally, on a table adapted to each child. After a demonstration by the examiner, the child practiced with each hand, moving the five pegs. The task started with the preferred hand, determined with a hand preference protocol (De Agostini & Dellatolas, 2001) , and each hand performed two trials: one trial from the nearest row to the furthest one, and one trial from the furthest row to the nearest one. For displacements from the nearest to the farthest row, the child began on the left side of the board with the left hand and on the right side with the right hand, while for displacements from the furthest row to the nearest one, the child began on the contralateral side of the involved hand. For the present investigation, only the total time for each hand (i.e., sum of the time needed for the two trials of each hand), noted L and R for left and right hand time respectively, were considered as a measure of hand dexterity (i.e., the shorter the time the greater the dexterity). If a peg fell from the child's hand before being inserted in the opposite hole, and if the child interrupted the movement, the trial was restarted. If a child dropped the peg after inserting it, and if the child changed the order to grasp the pegs or to insert them, there was no interruption in the trial time. All the times measured correspond to uninterrupted trials. During the task the examiner noted the following, for each of the four trials (two hands, two trials by hand): (1) number of re-starts, which was limited to three, to obtain an uninterrupted trial, and the number of pegs dropped; (2) a failure to remove the peg at once; (3) failure to respect the order, i.e. difficulty choosing the correct peg or the correct hole; (4) difficulty maintaining the peg in the hand; (5) difficulty releasing the peg; (6) use of the other hand to help the active hand; (7) removal of more than one peg at the same time; (8) changes in the hand grip; (9) the type of hand grip (ulnar, palmar, radial-palmar, digital or pincer grasp; later grouped as palmar, digital or pincer grasp); and (10) any intervention of the examiner during the task, such as additional verbal instructions, pointing out the correct peg or the correct hole, or maintaining the pegs or the board in place while the other pegs were moved.
Results
Normative data
The statistical analyses (SPSS, version 10) focused on total time of the preferred hand P (sum of the two trials), total time of the non-preferred hand NP, and relative difference RD: (NP − P)/total. Correlations between the two trials of the same hand were r = 0.87 for the preferred hand, and r = 0.90 for the non-preferred hand. For P and NP, there was no significant difference between the subjects from Brasília and São Luis or between boys and girls. As expected, the effect of age was very strong (p < 0.0001), with a mean time about twice longer in the 3-6 years age-group than in the 9-18 years age-group. The non-preferred hand (mean time = 12.5, S.D. = 5.0) was significantly slower than the preferred hand (mean time = 11.2, S.D. = 4.3; paired t-test = 14.4, p < 0.0001) ( Table 3) .
The effect of age on time was not linear: there was a strong decrease from 3 to 6 years, and a much slower decrease after 12 years of age. The best fit was obtained with an inverse model: mean of the time = b 0 + (b 1 /age); R 2 = 0.72 and 0.76 for the preferred and non-preferred hands, respectively. Standard deviations (S.D.) were also larger in younger than in older children (Table 3 ). For S.D., the best fit was obtained with a quadratic model: S.D. of time = b 0 + b 1 × age + b 2 × age 2 . The figures are S.D.s above the expected mean. a Failure to perform the task with the non-preferred hand in two children with hemiplegia, one child with triplegia, and four children with mixed-type CP.
b Percent of children with values >2 standard deviations from the expected mean. The figures are S.D.s above the expected mean. Children in special schools (n): hemiplegia (1); diplegia (5); triplegia (1); mixed (3). Three children were not attending school because of the age below 6 years. Tables 4 and 5 give the expected times and S.D.s for each age, from 3 years 0 months to 17 years 11 months, for the preferred and non-preferred hands, respectively. Fig. 2 gives a graphic presentation of the decrease of the mean of the time with age and its 95% CI.
Thus, observed scores (OS) of a given child (i.e., time for each hand) can be transformed to standard scores (SS), that is number of S.D. from the age-expected score (AES), using the formula: SS = (OS − AES)/S.D.
Relative difference (RD) was larger in younger children (3-9 years: mean = 0.064, S.D. = 0.065) than in older children (9-18 years: mean = 0.040, S.D. = 0.050; t-test = 4.4, p < 0.001), in accordance with (Roy, Bryden, & Cavill, 2003) ; however, the age effect on RD was not significant within each age-group (i.e., between 3 and 9 years, and between 9 and 18 years). Previous studies with the Peg Moving Task in young children showed larger RD in girls (Annett, 1985; De Agostini & Dellatolas, 2001) . Here, among the 3-9 years age-group, RD was marginally larger in girls (mean = 0.072, S.D. = 0.067) compared to boys (mean = 0.056, S.D. = 0.061; t-test = 1.95, p = 0.05). In the 9-18 age-group, RD was not significantly different between boys and girls (p = 0.33). Finally, the retained norms for RD are: in children from 3 to 9 years-expected mean = 0.064, S.D. = 0.065, and in children aged from 9 to 18 years-expected mean = 0.040, S.D. = 0.050. Cross-cultural validation: an application of the PMT-5 in 157 French elementary school-children, aged 6-11 years, showed that all the children, with one exception, obtained performance scores within the 95% CI.
Children with CP
Correlations between the two trials of the same hand were r = 0.95 for the preferred hand, and r = 0.94 for the nonpreferred hand. Mean performance of the preferred and the non-preferred hands were significantly different depending on the type of CP [F(3, 72) = 6.6, p < 0.001; F(3, 65) = 9.1, p < 0.001, respectively]. Hemiplegic children showed better performance of the preferred hand than the other three groups, and diplegic children showed better performance of the non-preferred hand than the other three groups (Table 6 ). As expected, RD was different depending on the type of CP [F(3, 65) = 15.9, p < 0.001] , with values close to 0 in diplegic children but clearly better performance of the preferred hand in the other groups. In fact, paired t-test comparison of the preferred and non-preferred hands within each group showed no difference in children with diplegia (p = 0.65) but significant difference in all the other groups (p < 0.05).
PMT-5 performance was also significantly associated with school placement, regular versus special, being lower for children in special schools (preferred hand: F(1, 74) = 15.6, p < 0.0001; non-preferred hand: F(1, 67) = 13.8, p < 0.0001). This school situation effect remained significant when the type of CP was taken into account (p < 0.02 and <0.001 for the preferred and the non-preferred hands, respectively). In fact, for children in special schools, mean time of the preferred and non-preferred hands were 11.4 and 16.3 S.D.s above the expected mean, respectively, the corre- sponding values for children in regular schools being 2.5 and 5.0 (Table 7) . Figs. 3-6 show performance of each hand in children with CP, by type of CP: hemiplegia (Fig. 3) , diplegia (Fig. 4) , triplegia (Fig. 5) , and mixed type (Fig. 6) . Table 8 compares the frequencies of different events during the PMT-5 task between children with CP and the 254 control children of the same age range (4-12 years). Some difficulties were specific to children with CP, although other difficulties occurred also in normally developing children. Difficulty to sustain or release the peg was observed in more than 10% of children with CP for the non-preferred hand, and was never observed in control children. Using the other hand to complete the task and taking out more than one peg at the same time were exceptional in control children, but were observed in a significant number of children with CP using their non-preferred hand. Setting pegs out of order was rare in control children, but occurred in about a third of children with CP, and with about the same frequency for the preferred and the non-preferred hand; the frequency of this difficulty was not significantly different according to the type of CP. Dropping of one or more pegs and changes of the prehension pattern were not rare among control children, but significantly more frequent in children with CP. Finally, examiner's interventions were necessary in only 2% of control children but in about one third of children with CP. The dominant prehension pattern was digital with use of three or more fingers in both control children and in children with CP. Children with CP used the pincer grasp more frequently than the control group. This pattern includes the use of the tip of thumb and pointer or thumb and medium fingers (two fingers). 
Discussion
The normative data obtained here are in agreement with previous studies using PMT in normally developing children: the overall age effect is not linear, but stronger in younger than in older children (Dellatolas et al., 2003) ; the preferred hand is significantly better than the non-preferred hand (Annett, 1985) ; the relative difference between the preferred and the non-preferred hands is not age-dependent when the age range is narrow (De Agostini, Paré, Goudot, & Dellatolas, 1992) , but it is slightly larger in young children compared to adolescents and young adults (Roy et al., 2003) ; at least in young children, a larger RD in girls compared to boys was repeatedly observed (Annett, 1985; De Agostini et al., 1992) ; the reliability of the task, according to the correlation between two successive trials of the same hand of the same subject, and according to longitudinal observations (Dellatolas et al., 2003) is good. In addition, the present study is not in favor of any strong cultural or socio-economic effects on PMT performance in children. Cultural and socio-economic conditions were very different in São Luís and Brasília, but PMT performances were not significantly different between the two samples. Also, French children were in the 95% confidence interval defined according to the Brazilian data.
The application of PMT-5 in children with CP shows a very important variability of PMT hand function within the same type of CP, suggesting that diagnosis of CP type alone does not provide precise information concerning the degree of hand function disability of a given child. One interesting observation is the strong relationship of PMT performance with the school situation, regular versus special. The significance of this relation needs to be explored further, as many different hypotheses can be postulated: (1) the school situation itself may have an impact on hand use stimulation: children in special schools would be less stimulated to use their hands than children in regular schools; (2) degree of hand function impairment may be a criterion for school placement; and (3) learning difficulties is the crucial criterion for school placement and PMT performance is linked with learning difficulties. There is some evidence for an association of PMT performance in preschool-children and later cognitive abilities in normal children (Dellatolas et al., 2003) . This association also exists in some children with brain pathologies, for instance cerebellar damage (Grill et al., 2004 ). It appears to be very important to continue examining motor-cognitive associations in children with motor disabilities related to various pathologies, and to explore their significance.
The normative data presented here seem a suitable base for the assessment of hand function in children with motor deficits. For instance, they allow repeated assessments of the same child for evaluation of the effect of a treatment or rehabilitation program. In addition, this simple PMT-5 task provides a framework for the observation of specific difficulties in hand use. For instance, the difficulty or impossibility in setting the pegs in order suggests visuo-motor coordination difficulties which may characterize some children with CP, and which may need specific rehabilitation programs. However, PMT assesses only one aspect of hand function. Complete hand function assessment certainly needs additional testing. It is important to examine further the correlations of PMT both with daily life manual activities and with performance at other manual tasks, especially in children with motor disabilities.
